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Abstract Caterpillars of Curetis bulis and C. santana in Peninsular Malaysia feed on the 
youngest leaves of various woody Fabaceae, preferably at open, sunny sites. Larval develop- 
ment takes 9-13 days, the pupal phase lasts 10-12 days. Larvae are not tended by ants, but 
are able to co-exist with certain ant genera. No dorsal nectar organ is present. The 
conspicuous tentacle organs are defensive organs. They appear to dissipate a secretion 
produced in the inner wall of the tentacle sheaths. The pupae possess unique setae inserted 
into deep circular cavities in the cuticle. The homology between two of these setal types and 
the pore cupola organs otherwise found in Lycaenidae immatures is suggested. Larvae and 
pupae produce substrate-borne vibrational calls of unknown function, especially after tactile 
disturbance. Pupae also make air-borne chirping noise with their stridulatory organ. The 
observations indicate that Curetis immatures are myrmecoxenous, and highlight the isolated 
systematic position of the genus with its numerous autapomorphies. 


Key words Lycaenidae, Formicidae, myrmecophily, defensive organs, larval glands, pupal 
setae. 


The Oriental lycaenid subfamily Curetinae remains enigmatic in various aspects. The 18 
species assigned to this subfamily, comprising the single genus Curetis Hiibner, [1819], have 
recently been reviewed taxonomically by Eliot (1990). Life-history notes concerning 6 
different species have been published by various authors, but only one of these, Curetis 
regula Evans, 1954, from Brunei on the island Borneo, has been investigated in more detail 
in recent years, including a precise account of the larval epidermal organs (De Vries, 1984 ; 
DeVries et al., 1986). The lack of thorough biological information is one major obstacle 
in assessing the phylogenetic relationships between Cuvetis and all other lycaenid 
butterflies. The systematic placement of the genus Curetis has changed remarkably 
during the last decades. Shir6zu & Yamamoto (1957) suggested a distinct family Cur- 
etidae being “transitional” between Lycaenidae and Nymphalidae, although they noted 
strong similarities with certain Riodinidae in male genitalia. Eliot (1973) listed the 
Curetinae as a subfamily of the Lycaenidae with unclear phylogenetic position. Scott 
(1985) connected Curetis with the Riodinidae (treated by him as a lycaenid subfamily), 
mainly on the grounds of the same genitalic characters already noted by Shir6zu & 
Yamamoto (1957). Scott & Wright (1990) supposed a sister-group relationship between 
Curetinae and Lycaeninae (in a broad sense, covering all lycaenids except Miletinae and 
Poritiinae). Finally, Robbins (1988) united Miletinae, Poritiinae and Curetinae into one 
clade, based on studies of leg morphology. A thorough cladistic revision, which would 
allow a decision between these various hypotheses concerning the systematic position of 
Curetinae, has as yet not been attempted. 


Uncertainties about the morphology of immature stages of Cuvetis species and about their 
relationship towards ants further obscure any phylogenetic interpretation. While most 
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earlier authors definitely noted that Curetis caterpillars were not tended by ants (e. g. Eliot, 
1980, 1992 ; Fiedler, 1991), DeVries (1984) presented observations that suggest some level of 
myrmecophily in both the caterpillars and adults of C. regula. Accordingly, DeVries et al. 
(1986) treated the epidermal organs of C. regula, which they studied using SEM techniques, 
as “ant associated” structures, although evidence of specific ant-related functions of these 
organs was circumstantial at best. We here report on behavioural observations regarding 
two species of the genus Curetis (C. santana malayica (C. & F. Felder, [1865]), C. bulis 
stigmata Moore, 1879), with special emphasis on their relationships to ants. Furthermore, 
we describe the pupal organs of C. santana and give some additional! details on the larval 
organs of C. bulis. Since we observed no differences in larval and pupal morphology 
between the two species, all morphological results presented here are equally valid for C. 
santana and bulis. 


Our observations were conducted in Peninsular Malaysia in the vicinity of the Ulu Gombak 
Field Station of the Universiti Malaya, about 20 km north of Kuala Lumpur. The study 
area is mostly covered with advanced secondary forest of the lowland dipterocarp type, at 
elevations of 200-300m. Immature stages of Curetis were sampled in the years 1988 
(January-February), 1989, and 1993 (March-June, September-December). Despite inten- 
sive efforts no Curetis immatures were located in 1991 (October-December) and 1992 
(August-September), although adult butterflies were occasionally seen. In all, eggs or 
larvae of Curetis species were generally scarce, hence excluding the possibility to conduct 
systematic experiments. 


Oviposition and location of eggs 


Oviposition was observed twice. On 23. iii. 93 (13.00-13.20, hot sunny weather) a female of 
C. bulis fluttered in the characteristic pre-oviposition way of many Lycaenidae species 
around a woody climber (Millettia sp., Fabaceae). The plant grew at a river bank in open, 
sunny conditions, climbing more than 5m high. It carried only young, deeply purple 
foliage. Parts of the plant were foraged by the weaver ant Oecophylla smaragdina, but 
many twigs were without ants. The C. bulis female oviposited once at a tip of a young 
shoot (egg recovered and reared to pupal stage), and a couple of oviposition attempts were 
observed higher up on the climber. Due to the inaccessibility we could not ascertain 
whether or not eggs had been laid there. Oviposition attempts were confined to ant-free 
twigs, and no interaction with ants occurred during egg-laying. Between the oviposition 
attempts, the female settled down for several minutes on the same plant, where it appeared 
to suck Homopteran honeydew excretions. 


Another oviposition by a C. bulis female was observed on 2. vi. 93 at young growth of a 
fallen Millettia atropurpurea tree at the Gombak river bank. Again she oviposited without 
contact to ants, although two ant species (Crematogaster sp. and a parabiotic red-headed 
Camponotus sp.) foraged on that tree in numbers. The egg was recovered and reared to 
the adult stage. 


Otherwise, Curetis eggs or egg-shells were occasionally found on M. atropurpurea (3 single 
eggs), Pongamia pinnata (4 and 2 eggs, respectively, on 2 saplings), and on two further 
unidentifed woody climber species (all familiy Fabaceae). All eggs were attached singly 
to the youngest growth of these hostplants. These hostplants grew in open, sunny condi- 
tions along the Gombak river bank, at roadsides or at the edge of a forest clearing. No 
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Curetis immatures were as yet observed in the dark forest understory. 


Larval behaviour 


Twelve larvae were found feeding during daytime on M. atropurpurea, P. pinnata, and on 
two additional climbing Millettia species (2 L1 (first instar), 4 L2 (second instar), 4 L3 (third 
instar), 2 L4 (fourth instar)). Four caterpillars were definitely C. santana and one C. bulis 
(reared to adult stage). Three died from parasitism by gregarious braconid wasps (see 
below). Two pupae reared from field-collected caterpillars and one reared from an egg 
died before eclosion, one caterpillar died following experimental ant attacks (see below), 
and one third instar was accidentally lost during sampling. In all these cases, a specific 
identification cannot be given with certainty, since even on the same individual tree two 
species of Curetis may co-occur at the same time. On the identical fallen M. atropurpurea 
tree where we observed oviposition of C. bulis (see above), a second instar larva of C. 
santana was collected only 2 days later (identity confirmed by rearing to adult stage). The 
larvae of both species were indistinguishable on external appearance. 


Caterpillars fed by day and, at least in captivity, also at night. They strictly preferred the 
youngest and most tender foliage. First (Fig. 1) and second instars (Fig. 2) gnawed holes 
in the leaf blade, whereas third (Fig. 3) and fourth (=final) instars (Fig. 4) consumed the 
entire leaflets. After each moult the cast skin was eaten. Development was fast. Eggs 
hatched after 3 days (n=3), the first instar lasted 2-3 days (n=4), L2: 2-3 days (n=4), L3: 
2-3 days (n=5); L4: 3-4 days (n=5). The entire larval development thus took 9-13 days. 
Developmental times were similar (8-14 days from L1 to pupa) in Malaysian hairstreak 
butterflies like Cheritra freja (Fabricius, 1793), Drupadia ravindra (Horsfield, [1828]) or D. 
theda (C. & R. Felder, 1862) (Seufert & Fiedler, unpubl.). 


We observed two colour types of Curetis larvae, but we could not ascertain whether these 
represent two different species or simply colour morphs. Two larvae had a green ground 
colour throughout the third and fourth instar, but unfortunately died in the pupal stage. 
All others (comprising both C. bulis and santana) were more or less intensively purple, alike 
C. dentata from Hongkong (Johnston & Johnston, 1980). Irrespective of their original 
colour, all caterpillars turned uniformly green 1 day prior to pupation (Fig. 5). The whitish 
lateral streak persisted until a caterpillar would settle down on a silk pad, but then 
vanished in the prepupal phase. The pupae (Fig. 6) are firmly attached to the substrate 
with the help of an extensive silk pad. The ventral side is extremely flattened, the dorsal 
side is almost evenly rounded (“hemispherical”). The pupa is green with a large whitish 
spot mid-dorsally on the metathorax and smaller white dots laterally at the abdomen and 
dorsally at the abdominal plate. The pupal stage lasts 10-12 days (n=4), which is again 
in the same range as in unrelated hairstreaks of comparable adult size (D. ravindra, D. 
theda, Eooxylides tharis (Geyer, [1837]) : 9-12 days). 


Tentacle organs (TOs) appeared with the second instar (Fig. 2), and were functional from 
the second instar up to the late prepupal phase (Fig. 5). Only a few hours before pupation, 
the TOs became unfunctional. The TOs were everted upon heavy tactile disturbance with 
forceps or with a blade of grass. TO eversions were most successfully elicited by touching 
the lateral parts of the abdomen. The behaviour habituated soon. Both TOs can be used 
independently, and a caterpillar often everts only the TO of the same side where it is 
stimulated. In addition to everting the conspicuously black-and-white TOs, which whirl 
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Figs 1-6. Immature stages of Curetis bulis. 1. L1 larva (length ca. 3mm). 2. L2 larva 
(ca. 5mm). Note large cylindric sheaths of tentacle organs. 3. L3 larva (ca. 10 
mm). 4. L4 larva (ca. 15 mm), with left tentacle organ everted after experimental 
disturbance. 5. Prepupal L4 larva with both tentacles everted after heavy tactile 
stimulation. Note disappearence of the previously characteristic colour markings. 
6. Pupa (12 mm). 
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about over a caterpillar's dorsum, the caterpillar would often whip with its entire rear end 
towards the source of disturbance. 


Curetis larvae and ants 


Except for one mature larva (C. santana) found on a P. pinnata sampling on 22. i. 1988, all 
Curetis larvae observed by us were not tended by ants. Ants were not even present in the 
near vicinity (<30cm) on the hostplants. In the exceptional case, workers of the ant 
Anoplolepis longipes (Formicinae) visited extrafloral nectaries of the hostplant, and occa- 
sionally an ant encountered the caterpillar. Even then, the caterpillar was at most briefly 
antennated (<5 sec) by 1-2 ants at any one time. Neither a permanent ant-association nor 
intensive antennal drumming, as usually observed in truly myrmecophilous lycaenids, did 
occur. The caterpillar never everted its TOs, and no visible secretions were passed to the 
ants. 


We confronted on L4 (C. santana) and one L3 (most probably C. santana) to various ant 
species. A Pheidole sp. (Myrmicinae) totally ignored the mature larva. None of over 50 
contacts provoked on a leaf, to which the ants had been attracted using sugar water, 
resulted in more than a brief antennation (<2.sec). No single ant climbed on top of the 
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Fig. 7. Invaginated tentacle organ of mature Curetis caterpillar, preparation from 
macerated exuvia. 

Fig. 8. Parallel bands of crystalline deposits (possibly allomone particles) in the interior 
of the TO sheaths. 

Fig.9. Spiny surface of a long dendritic seta ontop of a tentacle organ. 

Fig. 10. Perforated chamber on seventh abdominal segment, consisting of ca. 20 modified 
pore cupola organs (Figs 1-10: K. Fiedler). 


caterpillar nor did any of the ants attempt to bite. 


Another trial was performed with the ant A. longipes. Freshly killed grasshoppers were 
offered on a banana leaf besides a busy Anoplolepis trail. Within 15 min the ants had 
recruited hundreds of nestmates to the feeding place. Then, the C. santana L3 was 
carefully placed on the leaf, and the interactions between ants and the caterpillar were 
observed for the subsequent 40 minutes. There occurred hundreds of contacts between the 
larva and ants, but almost all lasted less than 2 seconds. The ants briefly antennated the 
caterpillar or run over it without performing true tending behaviour. Only one ant 
antennated the caterpillar at its perforated chambers on A7 and at the dorsal depression 
of A7 for some 20 seconds, then left. Despite the numerous ant-encounters, the caterpillar 
showed not the slightest sign of disturbance. 25 minutes after the caterpillar had been 
introduced, the ants had carried away all the grasshoppers and abandoned the feeding 
place. A few foragers still searched the leaf, but ignored the caterpillar. Overall, the C. 
santana L3 was unable to induce a stable association with ants, and all the behaviours 
observed were typical for myrmecoxenous lycaenids. 


30 minutes later, the same L3 caterpillar was then tested with the highly aggressive weaver 
ant, Oecophylla smaragdina (Formicinae). O. smaragdina workers tended a trophobiotic 
homopteran aggregation on wild ginger and were additionally attracted with freshly killed 
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Figs 11-14. Pupal organs of Curetis santana (all SEM photographs by courtesy of M. 
Ruppel). 11. Abdominal spiracle with surrounding small and large “pore cupola 
organs”. 12. Small type of “pore cupolas”, with short blunt papillae. 13. Small 
and large type of “pore cupolas” with filiform projections, and two (probably 
sensory) setae. 14. Large type of “pore cupolas”, with prominent filiform append- 


ages. 
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Figs 15-16. Pupal organs of Curetis santana. 15. Group of distally broadened “sensory” 
setae and large type “pore cupolas”. 16. Stridulatory organ between 5 th and 6th 
abdominal segment. 


grasshoppers. The caterpillar was carefully introduced, and in 15 minutes there occurred 
25 encounters between ants and the larva. The ants invariably antennated the caterpillar 
for 1-3 seconds, then left without any signs of aggressiveness. The caterpillar remained 
motionless. In all trials with Pheidole, Anoplolepis and Oecophylla ants, the caterpillars 
never everted their TOs. 


In a subsequent trial, the same L3 caterpillar was placed on the earth besides a trail of a 
Crematogaster sp., 20 minutes after the Oecophylla trial had been finished. The caterpillar 
was immediately attacked by the ants, after 2 minutes 2-3 Crematogaster ants had bitten 
into the caterpillar and did not let it go. The larva everted its TOs 5 times, but this did 
not repel the attacking ants. Instead, one Crematogaster ant tried to bite into the TO. 
After 10 minutes of continuous attacks, the trial was broken off to rescue the caterpillar 
which had been injured (haemolymph oozed out after one bite). In the meantime, dozens 
of workers had been recruited to the spot. Clearly, the Crematogaster ants treated the 
Curetis larva as prey. The experimental caterpillar moulted into the final instar one day 
after the ant trials, but died on the subsequent day from unknown reasons. 


Substrate-borne vibrations 


DeVries (1990, 19916) detected that the larvae of many Riodinidae and Lycaenidae species 
produce substrate-borne vibrations. These signals enhance ant-associations in at least 
one Neotropical riodinid. Furthermore, since he observed vibratory signals exclusively in 
myrmecophilous species, DeVries (1990, 19914) concluded that such vibrations generally act 
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as a means of communication between caterpillars and ants. We therefore tested Cuvetis 
larvae and pupae for their ability to produce substrate-borne vibrations. Vibratory 
signals of caterpillars are not audible to the human ear, but can easily be recognized with 
the help of a stethoscope (Schurian & Fiedler, 1991). 


All 9 third and fourth instars tested (2 of C. bulis and C. santana, respectively ; 5 not 
specifically determined), as well as one second instar larva, readily vibrated whenever 
placed on the stethoscope membrane. Another L2 did not call when tested once. 


Vibratory signals were produced immediately after tactile disturbance and continued then 
for several minutes. Sometimes a caterpillar would vibrate without tactile stimulation, 
and on at least two occasions mature larvae constantly “sang” while feeding. When 
placing the stethoscope membrane at the hostplant twig 10 cm away from these larvae, 
their vibratory signals were still well perceivable. The general acoustic impression was a 
muffled, pulsed croaking, growling or gurgling. Compared with other lycaenid caterpil- 
lars, the vibrations appeared “loud”, indicating rather a high amplitude. In contrast to 
many other lycaenid species (e. g. DeVries, 19910), there was no clear separation of the 
calls into two different frequency components. 


Pupae also produced vibrations when disturbed. Pupal signals contained two clearly 
separable components. A very faint rustling noise was produced whenever a pupa was 
slightly disturbed (e. g. when a pupa was blown at). This component was entirely 
substrate-borne and was only perceptible using the stethoscope. If a pupa was molested 
more intensively (e. g. after pinching with forceps), chirping pulses were uttered in groups 
of 2-5s length. These chirps were also audible to the human ear through the air. 
Stridulations were recorded from the first day of the pupal stage on. 


Parasitoids 


Three larvae (collected as L2, L3 or L4, respectively, all on the same M. atropurpurea tree) 
were parasitized by a gregarious braconid species from the Apanteles ater group. When 
seemingly being ready to pupate, these larvae settled down alike in the prepual phase and 
the wasp larvae emerged from the ventral side. They pupated in white silk cocoons, 
forming a densely packed “pad” upon which the larval carcass remained. 62, 34, and 39 
wasps, respectively, emerged (the largest number from the caterpillar collected as L4). 
The parasitized caterpillars fed well and showed no signs of anomalous behaviour until 
parasitoid emergence. Their vibratory behaviour as well as their ability to evert the TOs 
persisted 3-4 days beyond emergence of the braconid larvae. After a pupal stage of 5-6 
days duration the adult wasps eclosed. 


Larval morphology 


The epidermal organs of C. regula have already been described using SEM techniques 
(DeVries et al., 1986). We here only comment on three aspects that have previously been 
overlooked or were treated controversially. Our observations are based on microscopic 
slides of 5 larval exuviae left behind at pupation. These exuviae were macerated in KOH 
and subsequently mounted in Euparal. 


a) The perforated chambers on the first thoracic and 7th abdominal segments. When 
first describing these structures, DeVries et al. (1986) speculated on a secretory function of 
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these organs. Our preparations (Fig. 10) indicate that the perforated chambers consist of 
dense clusters of so-called “pore cupola organs” (Malicky, 1969; Cottrell, 1984). A dis- 
tinct sieve plate, which is typical for these glandular structures, was not discernible (even 
under magnification 1,000). Instead, the distal plates appear to be unstructured. The 
function of the perforated chambers remains enigmatic. 


b) The “dorsal pores” on the 7th abdominal segment. This structure has sometimes been 
connected with the dorsal nectar organ of myrmecophilous Lycaeninae caterpillars (Scott, 
1985, but see Scott & Wright, 1990). DeVries et al. (1986), in contrast, suggested that these 
pores may be points of muscle attachments. Our microscopic preparations show that 
there is no trace whatsoever of any glandular opening dorsally on A7, nor are there any 
specialized setae, as would be expected around a dorsal nectar organ. Thus, we conclude 
that DeVries et al. (1986) correctly interpreted the pores on A7 as muscle insertions. 


c) In all preparations, the tentacle organs (TOs) are well preserved, withdrawn into their 
cylindric sheaths (Fig. 7). The long hairs on top of the TOs are spiny (Fig. 9), and some of 
the hairs are distinctly widened at the apex. Most remarkably, the invaginated interior 
epidermal wall of the TO sheaths shows a pattern of largely parallel, wavy dark lines. 
The whole surface of this invagination is densely spotted with minute, dark, crystalline 
deposits (Fig. 8). This configuration appears to be unrecorded for any TOs of lycaenid 
larvae. Although we can at present not prove the precise function, it seems that the TOs 
are glandular structures. The crystalline deposits are most likely remnants of the secre- 
tions (artifacts are unlikely, because the structure looks identical in all preparations). The 
deposits may be secreted by the spiny hairs or by the interior sheath wall, e. g. by the cells 
forming the dark line pattern. Distribution of the secretions then would occur whenever 
the TOs are everted and whirled about. Whether these characteristic whirling movements 
help to dissipate volatile components or distribute minute solid particles remains to be 
tested. Solid pheromone-transfer particles are well-known from the hair pencils of 
numerous butterflies, e. g. from male Danainae (Boppré & Vane-Wright, 1989). We plan 
to study the structure and function of Curetis TOs using histological techniques, as soon as 
sufficient material in fluid fixatives is available. 


Pupal morphology 


The highly specialized general pupal morphology (Fig. 6) has already been described by 
Shir6zu & Yamamoto (1957). We here focus on the epidermal organs of C. bulis and C. 
santana. Apart from 2 figures of specialized setae of C. acuta Moore, 1877 published by 
Downey & Allyn (1973), pupal organs of Curetis have apparently never been illustrated. 
There are four major types of pupal setae. Long, erect hairs (>200 pgm, probably 
mechanoreceptive hairs) occur in 2 paired groups near the prothoracic spiracles and the 
spiracles of the 6th abdominal segment. Another type of potentially sensory setae pro- 
trude only 10 wm above the pupal cuticle. These hairs are inserted into deep, round 
cuticular cavities of ca. 10 gm diameter (total length of hairshaft ca. 20 wm; Figs 13, 15; 
also Fig. 70 in Downey & Allyn, 1973). These hairs are distally widened with a lengthwise 
ribbed, irregular club. They occur scatteredly over the dorsal surface of the pupa and are 
particularly abundant around the spiracles. 


The most conspicuous setal type are hairs which are totally lowered into circular cuticular 
cavities. These setae were referred to as “coeloconic sensilla” by Downey & Allyn (1973), 
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but this typological categorization does not allow any inferences about their functions. In 
Curetis pupae, there are two distinct types of such setae. In the larger ones (cavity 
diameter 20-30 um ; Figs 13-15), the hairshaft is distally subdivided into numerous (25-50) 
slender, filiform, pointed appendages (Fig. 14). The smaller type is inserted into cavities of 
10-20 um, with its distal end subdivided into ca. 20 short, rounded, blunt papillae (Fig. 12). 
The larger type is very numerous and occurs evenly all over the dorsal surface of the pupa 
except the wing cases. The second type is mostly confined to the immediate vicinity of the 
spiracles. An oval of these smaller setae surrounds each abdominal stigma (Fig. 11). A 
few intermediates between the smaller and larger types are present. 


Besides these 4 setal types, typical cremastral hooks are present on the ventral side of the 
rear end. Pore cupola organs with a typical sieve plate are absent (see below). The pupa 
also has a well-developed stridulatory organ (file and teeth) at the border between abdomi- 
nal segments 5 and 6 (Fig. 16). 


Discussion 


Our behavioural observations confirm that Curetis larvae are specialized feeders of very 
young foliage of various woody Fabaceae. This food preference along with the restriction 
of Curetis immatures to plants growing at open sites suggest that Curetis species originally 
inhabit forest gaps and riversides. In disturbed areas, secondary forests or artificial forest 
edges can be successfully colonized. There is little ecological differentiation between the 
two species C. santana and C. bulis, as evidenced by the co-occurrence of immatures of 
both on the same individual M. atropurpurea tree. 


Like most earlier authors dealing with the larval biology of Curetis, we did not observe any 
close association between the caterpillars of C. santana or C. bulis andants. Larvae inthe 
field were mostly untended, and in experimental encounters no stable ant-associations were 
established. In one trial (with Crematogaster sp.), a caterpillar was even severely attacked. 
These results appear to contradict the observations of DeVries (1984) on C. vegula. In this 
latter species, however, ants were mostly attracted to the plant sap oozing out from feeding 
damage caused by the caterpillars. We have observed analogous associations between 
myrmecoxenous Cheritra freja larvae and ants licking at the feeding damage, but in this 
lycaenid species experiments involving various ant species clearly demonstrated that the 
caterpillars alone are totally unattractive to ants (Seufert, unpubl.). One can only specu- 
late whether the C. regula caterpillars alone would have been able to induce an association 
with ants. 


Hence, based on our own observations and the majority of earlier life history notes, we 
conclude that Curetis larvae are in fact myrmecoxenous (Fiedler, 1991). This means that 
they do not attract ants to form stable symbiotic associations, although they are clearly 
adapted to survive in the presence of various ant species. This is shown by DeVries’s 
observations as well as by our finding that Anoplolepis ants attracted to the extrafloral 
nectaries of the hostplant showed no aggressive interference with the caterpillars. Co- 
existence with ants is, however, not universally possible (see Crematogaster trial). 


It remains unknown to what degree the various epidermal organs of Curetis larvae and 
pupae are truly ant-related, as had been suggested by DeVries et al. (1986) in the case of 
C. regula. Precise functional data on the larval and pupal epidermal organs are lacking, 
and behavioural observations do not support a close connection of such organs with ants. 
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The larval pore cupola organs and perforated chambers are quite dissimilar to the pore 
cupolas of truly myrmecophilous Lycaeninae. In addition, Curetis tentacle organs are 
highly aberrant. Our microscopic studies suggest that the interior wall of their sheaths 
may be secretory, while the tentacles themselves serve as dissipating structures. From the 
behavioural context, the tentacles of Curetis are defensive organs (they are everted when 
the larvae are attacked), and have nothing to do with myrmecophily. The “frantic activity 
response” of Anoplolepis ants towards tentacle eversions in C. regula (cf. DeVries et al., 
1986), as well as the attacks of Crematogaster ants against everted TOs of C. santana (this 
study) may be explained as aversive reactions of ants after the dissipation of a repulsive 
secretion. There is at present no convincing evidence that the TOs emit a signal 
specifically adapted to communicate with ants. 


A dorsal nectar organ is definitely absent in Curetis larvae. Therefore, the only larval 
structures which may act in “communication” with ants are the pore cupolas and perforat- 
ed chambers which, at most, might play a role in avoiding ant-attacks (as “appeasement 
organs” : Fiedler, 1991; DeVries, 19912). Hence, Curetis larvae are myrmecoxenous from 
a behavioural as well as from a morphological point of view (Kitching & Luke, 1985). 


The most striking pupal structures are the three types of setae which are inserted in deep 
circular cavities. Such setae appear to be unrecorded from any other lycaenid genus. 
Their function is uncertain, although the small, protruding setae with distally thickened 
shaft are probably sensory hairs (mechanoreceptors ?). 


The two other types (“sensilla coeloconica” according to Downey & Allyn, 1973) could be 
secretory or sensory, or both. Strikingly, the distribution of these setae exactly parallels 
that of the numerous pore cupolas usually present in other lycaenid pupae. Pore cupolas 
are normally scattered all over the dorsal surface, with distinct clusters around the 
spiracles and lacking only on the wing cases. Furthermore, the distribution of the smaller 
“coeloconic sensilla” on Curetis pupae (in ovals around the spiracles) is identical with the 
distribution of true pore cupola organs on Curetis caterpillars. Finally, two types of pore 
cupolas (large and small) around the spiracles are quite common in lycaenid pupae (e.g. 
European Polyommatus or Lycaena species: Fiedler, 1988 and unpublished, see also 
Malicky, 1969). Therefore we conclude that these striking setae of Curetis pupae are 
homologous to the pore cupola organs of “usual” lycaenid larvae and pupae. 


The pupal stridulatory organ of Curetis is of the same type as found in many lycaenid 
lineages. Likewise, the cremaster shows nothing unusual. In all, various larval and pupal 
epidermal organs of Curetis appear to be unique autapomorphies, corroborating the iso- 
lated systematic position of the subfamily Curetinae. Such structures are, however, of 
little help for assessing phylogenetic affinities. The decision between the various hypoth- 
eses on the phylogenetic relationships between Curetinae and other lycaenid butterflies 
must be left to a thorough cladistic analysis. The data presented here on adult and larval 
ecology and behaviour, as well as on the morphology of immature stages, provide useful 
material for a forthcoming phylogenetic approach. 
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摘 要 


VUO-YV SEDI YY YS BOMBOAR CHOP RIZ OV CORE (Konrad Fiedler, 
Peter Seufert, Ulrich Maschwitz and Azarae Hj. Idris) 


クア ラル ンプ ー ル の 北約 20 km に 位置 する マラ ヤ 大 学 Ulu Gombak 野外 実験 所 付近 の 二 次 林 (標高 
200-300 m) に お いて , 1988-1993 年 に 2 種 の ウラ ギン シジミ Curetis bulis と C. santana の 生態 の 観 
察 を 行ない , 卵 や 幼虫 は 実験 室 に 持ち 帰っ て , 飼育 と 顕微 鏡 に よる 観察 も 実施 し た . 調査 地 に お いて 
C. bulis の 雌 成虫 が 川岸 の Millettia 属 (マメ 科 ) に 産卵 する の を 観察 し た が , 産卵 は アリ の いな い 新 
構 に アリ と の 接触 な し に 行なわ れ た . 2 種 の 幼虫 は , 開け た 日 当り の よい 場所 に 生育 する 種々 の マメ 
科 木 本 の 新芽 で 発見 され た . 幼虫 期間 は 9-13 A, 顕 期間 は 10-12 日 で あっ た . 


幼虫 は 背部 密 腺 dorsal nectary organ を も た ず , アリ 類 に 世話 を され る こと も な か っ た が , Pheidole, 
Anoplolepis, Oecophylla 属 の アリ と は 共存 し て いた . これ に 対し て , Crematogaster 属 の アリ は 激 し 
く 幼 虫 を 攻撃 し , その 際 , 幼虫 は 伸縮 突起 tentacle organ を 露出 させ た . この 器官 は 2 齢 幼虫 か ら 見 
Oh, 走査 電 顕 に よる 観察 か ら 筒 状 突起 tentacle sheaths の 内 壁 で 生産 され る 分 泌 物 を 発散 する 一 種 
の 防衛 器官 と 思わ れ た が , Crematogaster 属 の アリ を 撃退 で き な か っ た . 


幼虫 と 螺 は , 接触 刺激 を 加え る と 耳 に は 聞こ えな い 振 動 音 を 数 分 に わた っ て 発し た が , その 機能 は 不 
明 で ある . また , 遇 を ピン セッ ト な ど で 摘 むと , 摩擦 発音 器 stridulatory organ に よっ て キー キー と 
発音 し た . 2-4 齢 で 採集 し た 3 頭 の 幼虫 か ら , WERTZ Apanteles ater グル ー プ の 多 寄 生 性 の コマ ユ 
バナ チ の 幼虫 が 脱出 し て きた . 


光学 顕微 鏡 で 幼虫 の 脱皮 殻 を 観察 し た と ころ , 胸部 第 1 節 と 腹部 第 7 BHR EO BS perforated 
chamber に は , “pore cupola 器官 ” が 密 に あっ た が , 腺 性 の 構造 は 見 られ な か っ た . また , 第 7 腹 節 
の “dorsal pores” に も 腺 の 開口 や 特殊 化し た 刺 毛 は な か っ た . 筒 状 突 起 の 陥 入部 内 面 の 表皮 に は う ね 
りな が ら 平 行 に 走る ひだ が あり , 分 泌 物 と 思わ れる 微小 な 暗色 の 結晶 が 多数 見 られ た . 


走査 電 顕 で 遇 の 体 表 を 観察 する と , 大 ま か に 4 種類 の 刺 毛 が 見 られ た . まず , 前 胸 と 第 6 腹 節 の 気 門 
付近 に は 対 を な し て 生じ る 機械 感覚 毛 と 思わ れる 長い 刺 毛 (>200 um) が あり , KRMOARN ICM 
入 す る 円 形 の 小 孔 ( 約 10 um) PS4US “BARREL” 様 の 短い 刺 毛 ( 約 20 um) も 見 られ た . この 
他 に 特異 な 大 小 2 種類 の pore cupola 器官 も 観察 され た . いずれ も , 窟 状 感覚 子 の 形状 を し て お り , 
ひと つ は 20-30 um の 小 孔 か ら 生 じ た 刺 毛 の 先端 が 20-50 の 繊維 状 に 分 か れ て いる . も う ひ と つ は , 
刺 毛 の 先端 は 乳頭 状 で 10-20 um ON FLO SHES. これ ら の pore cupola は , ヨー ロッ パ 産 の 
Polyommatus 属 や Lycaena 属 な どの シジミ チョ ウ の 幼虫 や 幅 に 見 られ る 同様 の 構造 と 相同 か も しれ な 
Va, 


上 記 の 野外 観察 の 結果 は , Curetis 属 の 幼虫 が アリ を 誘っ て 安定 し た 共生 関係 を 形成 する こと は な いも 
の の , 種々 の アリ の 存在 下 で 生存 で きる こと を 示し て お り , この 属 が 客 棲 性 myrmecoxenous で ある 
と 結論 で きる . また , 顕微 鏡 に よる 幼虫 と 螺 の 体 表 器官 の 観察 結果 か ら , ウラ ギン シジミ 亜 科 が 数 々 
の 固有 新 形質 を も ち , 系 統 的 に 隔離 され た 位置 を 占め る グル ー プ で ある こと が 明らか に な っ た だ . 
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